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(54) CUTTING TOOL MADE OF SURFACE-COATED CEMENTED CARBIDE EXCELLENT IN WEAR RESISTANCE 

J (57)Abstract 

PROBLEM TO BE SOLVED: To provide a cutting tool made of surface-coated cemented carbide excellent in wear 
resistance and showing excellent cuttability over a long period. 

SOLUTION: This cutting tool made of surface- coated cemented carbide is composed by applying the surface of a 
carbide tool substrate composed of WC base cemented carbide or TiCN base cermet with a heated and oxidized layer 
of vapor deposited hard layer composed of one kind of single layer or two kinds of plural layers of (Ti, Al, M) 4 N and (Ti, 
Al, M) CN expressed by the compositional formula of (TiaAlbMc) N and the compositional formula of (TiaAlbMc) 
CdN1-d (where, by atomic ratio, a is 0.2 to 0.6, b is 0.1 to 0.79, c is 0.01 to 0.3, a+b+c=1 and d is 0.01 to 0.5 are 
satisfied, and Midenotes any one kind among the groups 4a \ 5a«an e n ablements excluding Ti in a Periodic Table), and 
the composing layer of this heated and oxidized layer is composed^oT'the one in which, on the base composed of (Ti, 
Al, M) NO or (Ti, Al, M) CNO, a hard coating layer having a structure in which fine Ti oxide, Al oxide and M oxide are 
dispersed and distributed is formed by the average layer thickness of 0.5 to 15μm. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the cutting tool made from a surface-coating cemented carbide which comes to form a hard enveloping 
layer in the front face of the tool base which consisted of a tungsten-carbide machine cemented carbide or a charcoal 
titanium-nitride machine cermet by the 0.5-1 5-micrometer mean thickness About the aforementioned hard enveloping 
layer, it is empirical-formula:(Tia Alb Mc) N and empirical-formula:(Tia Alb Mc) Cd N1-d (however, by the atomic ratio). 
a:0.2 to 0.6, b:0.1 to 0.79, c:0.01 to 0.3, a+b+c=1, and d:0.01-0.5 are satisfied. M shows any one sort in 4a, 5a, and 6a 
group element of the periodic table except Ti. It constitutes from a heating oxidizing zone of the vacuum evaporationo 
hard layer which comes out and consists of one sort of monolayers of Ti and the compound nitride of aluminum and M 
which are expressed, and the compound charcoal nitrides, or two sorts of double layers. The cutting tool made from a 
surface-coating cemented carbide which excelled [ base / in which the configuration layer of this heating oxidizing 
zone consisted of the compound acid nitride or carbonic acid nitride of Ti, and aluminum and M ] in the abrasion 
resistance characterized by having the organization where detailed Ti oxide, aluminum oxide, and the M acid ghost 
carried out the distributed distribution. 
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DETAILED DESCRIPTION 

Detailed Description of the Invention] 
0001] 

_The technical field to which invention belongs] This invention has the outstanding abrasion resistance, therefore 
relates to the cutting tool made from a surface- coating cemented carbide (a following and covering carbide tool and 
****) which demonstrates the cutting-ability ability which continued and was excellent in continuity cutting and 
intermittence cutting of steel at the long period of time. 
[0002] 

[Description of the Prior Art] Generally the arc ion plating system which is one sort of the physical-vapor— deposition 
equipment shown in drawing 1 in outline explanatory drawing is used conventionally, at a heater the inside of equipment 
in for example, the status that it heated in temperature of 700 degrees C Arc discharge is generated between the 
cathode electrodes (evaporation source) to which the Ti-aluminum alloy which has an anode electrode and 
predetermined composition was set Nitrogen gas or nitrogen gas, and methane are simultaneously introduced as 
reactant gas in equipment On the other hand, a tungsten-carbide (WC shows hereafter) machine cemented carbide or 
a charcoal titanium nitride (TiCN shows hereafter) In the tool base (these are hereafter named genetically and they are 
a sintered-carbide-tool base and ****) which consists of a machine cermet For example, on the conditions which 
impressed the bias voltage of -120V, on the front face of the aforementioned sintered-carbide-tool base, so that it 
may be indicated by JP,62-56565,A The compound nitride [N (Ti, aluminum) shows hereafter] of Ti and aluminum, and 
below compound charcoal nitride [ (Ti, aluminum) Manufacturing a covering carbide tool is known by forming the hard 
enveloping layer which consisted of a vacuum evaporationo hard layer which consists of one sort of monolayers of] 
shown by CN, or two sorts of double layers by the 0.5-1 5-micrometer mean thickness. 
[0003] 

[Problem(s) to be Solved by the Invention] On the other hand, although FA-izing and improvement in the speed of a 
cutting in recent years are remarkable, and ** of the demand to laborsaving and energy saving of a cutting is also good 
and the cutting tool is strongly expected prolongation-of-life-ization of a use life in connection with this Although the 
hard enveloping layer which constitutes this in the case of the above-mentioned conventional covering carbide tool, 
i.e., (Ti, aluminum), the vacuum evaporationo hard layer which consists of N and (Ti, aluminum) CN, shows good 
chipping-proof nature (property which a minute chip seldom generates in a cutting edge) Since abrasion resistance is 
not enough, the present condition is resulting in a use life comparatively for a short time. 
[0004] 

[Means for Solving the Problem] Then, this invention person etc. directs his attention to the vacuum evaporationo hard 
layer which consists of N (Ti, aluminum) and (Ti, aluminum) CN which constitute the hard enveloping layer of the 
above-mentioned conventional covering carbide tool from the above viewpoints. As a result of inquiring that 
wear-resistant enhancement in this should be aimed at, it is empirical-formula:(Tia Alb Mc) N and 

empirical-formula:(Tia Alb Mc) Cd N1-d (however, by the atomic ratio) about the aforementioned vacuum evaporationo 
hard layer. a:0.2 to 0.6, b:0.1 to 0.79, c:0.01 to 0.3, a+b+c=1, and d:0.01-0.5are satisfied. 4a, 5a, and 6a group element of 
the periodic table excluding [ M ] Ti, i.e., Zr, Any one sort in Hf, V, Nb, Ta, Cr, Mo, and W is shown. After coming out and 
constituting from one sort of monolayers of Ti and the compound nitride of aluminum and M which are expressed, and 
the compound charcoal nitrides [N and (Ti, aluminum, M) CN show hereafter, respectively (Ti, aluminum, M)], or two 
sorts of double layers If heating oxidation treatment of cooling is performed to the predetermined temperature in the 
oxidizing atmosphere under reduced pressure or pressurization, and within the limits of 300-1000 degrees C after a 
predetermined time hold at this The vacuum evaporationo hard layer which consists of N (Ti, aluminum, M) artd (Ti, 
aluminum, M) CN of the above in a covering carbide tool respectively Ti, the compound nitric oxide [NO (Ti, aluminum, 
M) shows hereafter] of aluminum and M, and below compound charcoal nitric oxide [ It becomes the heating oxidizing 
zone which has the organization where detailed Ti oxide, aluminum oxide, and the M acid ghost carried out the 
distributed distribution on the base which consists of] shown by CNO. (Ti, aluminum, M) Thus, the abrasion resistance 
which whose covering carbide tools with which a hard enveloping layer consists of the aforementioned heating oxidizing 
zone are continuity cutting and intermittence cutting, and was excellent is shown, and the research result of 
demonstrating the cutting-ability ability which continued and was excellent in the long period of time was obtained. 
[0005] It is made based on the above-mentioned research result, and this invention is empirical-formula:(Tia Alb Mc) N 
and empirical-formula:(Tia Alb Mc) Cd N1-d (however, it is an atomic ratio) to the front face of a sintered-carbide-tool 
base. a:0.2 to 0.6, b:0.1 to 0.79, c:0.01 to 0.3, a+b+c=1, and d:0.01-0.5 are satisfied. M shows any one sort in 4a, 5a, and 
6a group element of the periodic table except Ti. It consists of a heating oxidizing zone of the vacuum evaporationo 
hard layer which comes out and consists of one sort of monolayers of N and (Ti, aluminum, M) CNs which are 
expressed (Ti, aluminum, M), or two sorts of double layers. The hard enveloping layer which has the organization where 
Ti oxide with the configuration layer of this heating oxidizing zone detailed on the base which consists of NO (Ti, 
aluminum, M) or (Ti, aluminum, M) CNO, aluminum oxide, and the M acid ghost carried out the distributed distribution It 
has the characteristic feature in the outstanding covering carbide tool of the abrasion resistance which it comes to 
form by the 0.5-1 5-micrometer mean thickness. 

[0006] The ground which next limited the composition ratio (atomic ratio) of N and (Ti, aluminum, M) CN concerning the 
hard enveloping layer of the covering carbide tool of this invention (Ti, aluminum, M) as above-mentioned is explained. 
Namely, it sets to the above (Ti, aluminum, M) N and (Ti, aluminum, M) CN. Although Ti and aluminum which are a 
constituent have the operation which contributes to the wear-resistant enhancement in the status that it lived 
together The abrasion resistance which was excellent in the request when either Ti and aluminum became less than 
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Ti:0.2 ] and less than [ aluminum:0.1 ] is not securable. On the other hand, similarly, if the rate exceeds Ti:0.6 and 
aluminum:0.79 for either Ti and aluminum, toughness will fall, the rate since it becomes easy to generate a chipping in a 
cutting edge — Ti:0.2-0.6 — desirable — 0.3 to 0.5. and aluminum:0.1-0.79 — it was desirably determined as 0.3-0.7 
Moreover, although M which is similarly a constituent raises toughness, it has and it has the operation which prevents 
that a chipping occurs in a cutting edge If the enhancement effect in toughness of the request of the rate less than by 
0.01 is not acquired but the rate exceeds 0.3 on the other hand, the hardness of the layer [ itself ] will fall abruptly, the 
rate since it becomes impossible to secure the outstanding abrasion resistance brought by Ti and aluminum — 0.01 to 
0.3 — it was desirably determined as 0.05-0.2 furthermore, for C component in CN (Ti, aluminum, M) Since there is an 
operation which raises hardness, although CN (Ti, aluminum, M) has high hardness relatively as compared with the 
above-mentioned (Ti, aluminum, M) N in this case, the rate of C component if the enhancement effect predetermined in 
the rate of C component in hardness is not acquired less than by 0.01 but the rate exceeds 0.5 on the other hand, 
since toughness will come to fall abruptly — 0.01 to 0.5 — it was desirably determined as 0.1-0.45 
[0007] Moreover, it is to have set to 0.5-15 micrometers the mean thickness of the heating oxidizing zone which 
constitutes the hard enveloping layer of the covering carbide tool of this invention from the ground for becoming easy 
to generate a chipping in a cutting edge, when the thickness cannot secure the abrasion resistance of a request in less 
than 0.5 micrometers but the thickness exceeds 15 micrometers on the other hand. Furthermore, in the covering 
carbide tool of this invention, in order to make easy identification before use of this, and after use, it is good to carry 
out the vacuum evaporationo of the titanium-nitride (for TiN to show hereafter) layer which has golden color to the 
front face of the above-mentioned heating oxidizing zone by the 0.1-1 -micrometer mean thickness, by less than 0.1 
micrometers, as for this, golden clear grant cannot do the thickness, but, on the other hand, desired golden color is 
based on the ground for coming out enough by the thickness to 1 micrometer 
[0008] 

[Embodiments of the Invention] Subsequently, an example explains the covering carbide tool of this invention 
concretely. WC powder which all has a 1-3-micrometer mean particle diameter as raw material powder, TiC powder, 
ZrC powder, VC powder, TaC powder, NbC powder, and Cr3 C2 Powder, TiN powder, TaN powder, and Co powder are 
prepared, these raw materials powder Blend with the combination composition shown in Table 1, and wet blending is 
carried out with a ball mill for 72 hours. 1.5ton/cm2 after drying A press forming is carried out to a green compact by 
the pressure. This green compact was sintered on condition that the hold at temperature: 1400 degree C among the 
vacuum for 1 hour, and the sintered-carbide-tool bases A1-A10 made from WC base cemented carbide which gave the 
honing of R:0.05 to a part for a cutting edge, and had the chip configuration of ISO specification and SPGA1 20408 were 
formed after sintering. Moreover, TiCN (it is TiC/TiN=50/50 at weight ratio) powder which all has a 0.5-2-micrometer 
mean particle diameter as raw material powder, Mo2 C powder, ZrC powder, NbC powder, TaC powder, WC powder. 
Prepare Co powder and nickel powder and these raw materials powder is blended with the combination composition 
shown in Table 2. 1ton/cm2 after carrying out wet blending for 24 hours and drying with a ball mill A press forming is 
carried out to a green compact by the pressure. This green compact is sintered on condition that a hold at 
temperature: 1540 degree C among the nitrogen ambient atmosphere of 10torrs for 1 hour. The sintered-carbide-tool 
base B1 made from TiCN base cermet which gave the honing of R:0.03 to a part for a cutting edge, and had the chip 
configuration of ISO specification and CNMG 120406, - B6 were formed after sintering. 

[0009] These sintered-carbide-tools bases A1-A10, and B1 - B6 in subsequently, the status that it cleaned 
ultras on ically and dried in the acetone inserting in the arc ion plating system shown in drawing 1 , respectively, 
equipping with the Ti-aluminum-M alloy which had various component composition as a cathode electrode (evaporation 
source) on the other hand, exhausting the inside of equipment, and holding to the vacuum of 1x10-5torr After heating 
the inside of equipment at 500 degrees C at a heater, introduce Ar gas in equipment and it considers as Ar ambient 
atmosphere of 1x10-3torr. Impress the bias voltage of -800v to a sintered-carbide-tool base in this status, and Ar gas 
WWW* washing of the sintered-carbide-tool base front face is carried out. Subsequently, while nitrogen gas or 
nitrogen gas, and methane are introduced and considering as the reaction ambient atmosphere of 5x10-3torr as 
reactant gas into equipment Lower the bias voltage impressed to the aforementioned sintered-carbide-tool base to 
-200v, and arc discharge is generated between the aforementioned cathode electrode and an anode electrode. It has. 
on each front face of the aforementioned sintered-carbide-tool bases A1-A10, and B1 - B6 Form the vacuum 
evaporationo hard layer with the composition shown in Tables 3 and 4, and the mean thickness, and it considers as the 
coated-carbide-tool bases 1-24. Heating oxidation treatment was performed to each of the coated-carbide-tool bases 
1-24 of the aforementioned vacuum evaporationo hard stratification on the conditions shown in Table 5 further 
succeedingly, and this invention covering carbide tools 1-24 were manufactured, respectively by making the 
aforementioned vacuum evaporationo hard layer into a heating oxidizing zone, respectively. Moreover, the vacuum 
evaporationo hard layer which had composition as the cathode electrode (evaporation source) with which an arc ion 
plating system is equipped is shown in Tables 6 and 7 as a Ti-aluminum alloy with various component composition, and 
a mean thickness for the comparative purpose was formed, and the covering carbide tools 1-24 were conventionally 
manufactured on the same conditions, respectively except not performing heating oxidation treatment to this vacuum 
evaporationo hard layer. In addition, about each of this invention covering carbide tools 1-24 obtained as a result, when 
gazed at the organization of the heating oxidizing zone with electron probe X ray microanalyzer equipment and X-ray 
diffraction equipment, having the organization where detailed Ti oxide, aluminum oxide, and the M acid ghost carried out 
the distributed distribution in the base which consists of NO (Ti, aluminum, M) or (Ti, aluminum, M) CNO was checked. 
[0010] Among various kinds of covering carbide tools obtained as a result, this invention covering carbide tools 1-18 
and conventionally about the covering carbide tools 1-18 ** [-ed ] Material: The square bar of JIS and S50C, 
cutting-speed:300m /, and min, delivery:0.25mm /, blade, A dry-type continuity milling cutter cutting examination of 
carbon steel is performed on condition that Slitting:2.5mm**. this invention covering carbide tools 19-24 and 
conventionally about the covering carbide tools 19-24 **-ed material — :JIS, the round bar of SCM440, and 
cutting-speed:300m/min — sending — :0.2mm/ — it reved and cut deeply, the dry-type continuity cutting examination 
of alloy steel was performed on condition that :1.5mm**, and the flank-wear width of face of a cutting edge measured 
the cutting time until it results in 0.2mm for any cutting examination These measurement results were shown in Table 
8. 

[0011] 
[Table 1] 
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[Table 2] 
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[0019] 

[Effect of the Invention] It is clear from the result shown in Tables 1-8 that this invention covering carbide tools' 
1-24 ] the abrasion resistance which excelled [ each ] in continuity cutting and intermittence cutting of steel 
conventionally as compared with the covering carbide tools 1-24 is shown. As mentioned above, since the covering 
carbide tool of this invention comes to have the abrasion resistance which was excellent by constituting a hard 
enveloping layer from an above-mentioned heating oxidizing zone and remarkable prolongation-of-life-ization of a use 
life of it is attained by this, it can correspond to FA-izing and laborsaving of a cutting sufficiently satisfactorily. 



[Translation done.] 
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